Thyroid neoplasia displays a spectrum that encompasses benign tumors, such as adenoma and biologically insignificant papillary microcarcinoma, to the most clinically aggressive anaplastic carcinoma (1, 2) . The prognostic roles of histologic subtype, metastases, extrathyroidal extension, and molecular markers (bcl-2, p53, Ret and Ras oncogenes) have been defined (3, 4) .
A major development in the field of cancer chemotherapy is the establishment of DNA topoisomerase II (topo II) as the prime target for many clinically useful drugs (5) (6) (7) . Topo I and II are a group of enzymes that are responsible for controlling the topology of the DNA molecule. These enzymes act by forming transient enzyme-bridged DNA breaks that act as passage for other DNA strands. Thus, the action of DNA topoisomerases in the cell seems to be necessary for normal functioning by controlling DNA conformation, replication, recombination, and/or transcriptional events (8) .
The sensitivity or resistance of a cell to antitopoisomerase agents may depend on the cellular content of these enzymes, mainly topo II (9 -12) . In addition, the cellular expression of this enzyme can indicate the rate of cellular proliferation and the sensitivity of a tumor to anti-topo II drugs (13) (14) (15) . This has been explored in cell lines and even in neoplastic (adrenal, breast, lung tumors) archival material (19 -22) . Using topo II antibodies in immunohistochemical methods offers a particular advantage over other techniques, such as cellular protein extraction, because the tissue architecture is maintained (19 -22) .
In the present study, we explored the differential expression of topo II␣ in paraffin-embedded archival material from various thyroid specimens to investigate the possible role of topo II␣ in thyroid neoplasia.
These specimens were fixed in 10% neutral buffered formalin and embedded in paraffin. The hematoxylin and eosin stained sections were reviewed to ensure accuracy of the classification of cases according to the already published criteria. The cases included papillary carcinoma (nine cases), tall cell variant of papillary carcinoma (six cases), follicular carcinoma (six cases), Hü rthle cell carcinoma (three cases), anaplastic carcinoma (two cases), medullary carcinoma (two cases), follicular adenoma (two cases), Hü rthle cell adenoma (nine cases), multinodular goiter (four cases), lymphocytic thyroiditis (two cases), and normal thyroid (five cases). The normal thyroid tissue represented the uninvolved thyroid parenchyma from total thyroidectomy specimens.
Immunohistochemical Analysis
Topo II␣ antibody was purchased from Neomarkers (Union City, CA). Tissue sections (4 to 5 m) were cut onto neoprene-coated slides. Slides were then stained using the avidin-biotin-peroxidase complex detection method (Chemate Secondary Detection Kit Peroxide/3,3Ј-diaminobenzidine; Ventana, Tucson, AZ) and automatic immunostainer (Ventana). Antigen retrieval was achieved by boiling the slides in IX Heir Buffer (Ventana) for 10 min and cooling them at room temperature before staining. Topo II␣ antibody (Ab-2, clone JH2.7) was incubated with tissue sections at room temperature for 1 h. Optimal dilution of the topo II␣ antibody used in this study was 1:50. After the primary incubation, the sections were incubated with the secondary antibody and avidin-biotin-peroxidase complex. The reactions were visualized by using diaminobenzidine as chromogen. Positive controls for topo II␣ staining included tonsillar tissue and lymph node. Negative controls were also included to rule out nonspecific staining.
Scoring of Topo II␣ Staining
In all cases, 10 high power fields (400ϫ) were selected, and at least 1000 cells were assessed by each of the authors. The topo II labeling index (LI) is defined as the number of topo II␣ staining positive cells divided by the total number of cells counted multiplied by 100. The results for each case are expressed as the mean plus or minus the standard error of mean (Table 1) . In all cases, the interobserver differences were less than 5%. Statistical analysis, including the differences between the LI, was performed by Student's t test. This can be performed only between cases of usual papillary carcinoma and tall cell variant of papillary carcinoma. In the rest of diagnostic categories, this method was unsuccessful because of the limited number of cases or higher LI standard deviation values. Table 1 summarizes the cases, diagnostic categories, and their respective average topo II␣ LIs (ϮSEM). All cases that stained positive for topo II␣ showed specific nuclear staining, whereas no cytoplasmic staining was noted. Some cases showed a regional variation in the number of cells stained positive for topo II␣ within a single neoplastic lesion. However, this variation was not related to any particular histologic appearance.
RESULTS
All cases of normal thyroid, multinodular goiter, and lymphocytic thyroiditis failed to show any significant staining. In cases of lymphocytic thyroiditis, the activated lymphocytes within germinal centers showed positive staining, providing a positive internal control. Anaplastic carcinomas and tall cell variant of papillary carcinoma showed the highest average LI in this study (7.8 and 4.8) followed by Hü rthle cell, follicular, and medullary carcinomas (3.4, 2.6, and 2.4, respectively) ( Figs. 1 and 2 ). The average LI for papillary carcinoma was much lower (0.76) and was not much higher than that of follic- 
Nml, normal; NG, nodular goiter; LT, lymphocytic thyroiditis; FA, follicular adenoma; HA, Hü rthle cell adenoma; FCA, follicular carcinoma; HCA, Hü rthle cell carcinoma; PTC, papillary thyroid carcinoma; TCV-PTC, tall cell variant of papillary thyroid carcinoma; MD-CA, medullary carcinoma; AN-CA, anaplastic carcinoma. ular adenoma (0.39). A significant relationship was found between the histologic type of thyroid tumor and topo II␣ LI. The average topo II index of the tall cell variant of papillary carcinoma was statistically different from that of the usual papillary carcinoma (P Ͻ .01). No significant correlation was noted between tumor size and lymph node metastasis.
DISCUSSION
Topo II serves as a target for many anticancer drugs, such as etoposide (VP-16), teniposide (VM-26), and doxorubicin, the so-called chemotherapeutic agents known as topo II inhibitors (5-7). Several investigators have shown that a relative decrease or increase in the cellular content of topo II may serve as one of the factors responsible for chemotherapeutic sensitivity or resistance (9 -13). Human topoisomerase is biochemically differentiated into two isoforms, the ␣ and the ␤ subtypes. The ␣ isoform predominates mainly in the proliferating cells, whereas the ␤ isoform is seen in resting cells (23, 24) . It has been proposed that topo II analysis can be used as a marker for cell proliferation (13) (14) (15) (16) . Several investigators have studied topo II expression in various tumors and have shown a relationship between the clinical aggressiveness of the tumor and topo II expression (16 -22) . Detection of topo II in formalin-fixed, paraffinembedded human tissues has eliminated the need for availability of fresh tumor tissues and problems that can be observed with protein extraction and complicated blotting procedures (16 -22) . In addition, the immunohistochemical methods have particular advantages over other procedures because of the maintenance of tissue architecture and cellular details (16 -22) .
In this study, we have shown by performing immunohistochemical analysis that thyroid neoplasms express topo II, whereas normal thyroid and benign thyroid conditions (nodular goiter and lymphocytic thyroiditis) failed to show any significant staining for topo II antibodies. The aggressive thyroid tumors, such as anaplastic carcinoma, tall cell variant of papillary carcinoma, Hü rthle cell carcinoma, and medullary carcinoma, showed much higher nuclear expression of topo II than did papillary and follicular carcinoma. We found heterogeneous expression of topo II within a single tumor (19 -21) . Yamazaki et al. (21) suggested that this variable expression may be related to the differences in the sensitivity of tumor cells to topo II inhibitors and may have clinical consequences.
Topo II inhibitors have been used in the chemotherapeutic trials of both anaplastic and nonanaplastic thyroid carcinomas (25) (26) (27) . The reported efficacies range from being moderately responsive to being totally nonresponsive (25) (26) (27) (28) . Satake et al. (27) investigated topo II amino acid mutations in multiple anticancer drug-resistant anaplastic thyroid carcinomas by a reverse transcriptasepolymerase chain reaction and found no mutations. They inferred that the resistance to topo II inhibitors most likely is due to overexpression of multidrug resistance-related mRNA rather than to topo II mutation (28) . However, Osawa et al. (28) showed that the undifferentiated thyroid carcinoma cells can be divided into two groups: those with low sensitivity and those with high sensitivity to chemotherapeutic agents. Hence, it may be impossible to affect all aggressive thyroid tumor cells by chemotherapy alone because the tumor may consist of two clones with different chemosensitivities. We believe that the heterogeneous expression of topo II in aggressive thyroid tumor in our study may explain the findings of Osawa et al. (27) and the reported lack or minimal efficacy of topo II inhibitors in treatment of aggressive malignant thyroid tumors.
Topo II␣ expression is observed mainly during the S and G2/M phases of the cell cycle (13) (14) (15) . In addition, several investigators have shown a similar staining pattern and frequent co-expression of topo II␣ and the proliferation marker Ki-67; these data suggest the usefulness of topo II as a marker for cell proliferation (16, 19 -21) . Lino et al. (19) found that topo II␣ expression in some adrenocortical carcinomas was higher than that of Ki-67 and that some cells expressing topo II␣ failed to express Ki-67. This overexpression of topo II has been previously reported in other malignant human neoplasms (9 -12) . These findings suggest not only that expression of topo II serves as a marker for cellular proliferation but also that its altered expression reflects malignant transformation (9 -12, 21) .
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